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Development of Cylinder Pressure Measurement System Using Adaptive Calculation
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ABSTRACT

This paper discusses the development of a system
enabling real-time measurements of combustion pressure
in an internal combustion engine, using a comparatively
low-cost polycrystalline piezoelectric element. Tests
conducted using a mass production vehicle showed that
by using the measured cylinder pressure, the status of
combustion could be measured across the entire range
of driving conditions, enabling misfires to be precisely
detected. To date, despite their comparatively low cost,
the use of piezoelectric elements in mass production
vehicles has represented a challenge, because the
temperature characteristics of the elements in the use
environment, age degradation, and other factors may
cause variations in output. This research therefore studied
the variation in sensor output in terms of each causal
factor. In addition, adaptive calculations were performed
to enable the identification of corrective parameters to
be used, to match the measured cylinder pressure to
estimated reference pressures for vehicle operation, thus
enabling stable cylinder pressures to be measured, even
if temperature characteristics change or the output
deteriorates.
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Fig. 2 Cylinder pressure sensor structure

Table 1 Engine

specifications

Engine type V6
Displacement (cm3) 2997
Bore x stroke (mm) 86 x 86
Compression ratio 10.0
Valve train 24-valve
SOHC VTEC
Fuel Regular unleaded
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Fig. 5 System configuration for cylinder pressure
sensing
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Table 2 Sensor variation

Initial variation 2500 pC/MPa +27% *

Maximum 0 *
Axial tension axial tension +2%
characteristics Minimum 0
axial tension —25%*
170 °C +160% *
Temperature
characteristics _40 °C 350 *

Enﬁine revolution —44% *
c

aracteristics 3000 rpm or more

Durability degradation 550000 mile -30% *

* 30 variation
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